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Description
Technical Field

[0001] The present disclosure relates to a wireless
communication method, a wireless communication sys-
tem, and a wireless transmission device, and more par-
ticularly, to a wireless communication method, a wireless
communication system, and a wireless transmission de-
vice suitable for use in an environment where transmis-
sion power changes.

Background Art

[0002] Non Patent Literature 1 below describes details
of quadrature amplitude modulation (QAM), which is one
multi-level modulation scheme for wireless communica-
tion. In addition, Non Patent Literature 2 below describes
details of amplitude phase shift keying (APSK) which is
another example of a multi-level modulation scheme. As
represented by these schemes, various multi-level mod-
ulation schemes are used in the field of wireless com-
munication.

[0003] With regard to the influence of different multi-
level modulation schemes on the quality of wireless
communication, Non Patent Literature 3 below discloses
the following matters:

1. Peak to average power ratio (PAPR) is different for
each multi-level modulation scheme;

2. When a power amplifier on the transmitting side
uses a nonlinear region, a signal is more likely to be
erroneously recognized on the receiving side as the
PAPR is higher;

3. When APSK and QAM are compared, the APSK
having a lower PAPR is more robust when trans-
mitted in the nonlinear region of the power ampilifier.

Citation List
Non Patent Literature
[0004]

Non Patent Literature 1: IEEE Std 802.11ac-2013,
IEEE, 2013

Non Patent Literature 2: ETSI EN 302 307-1V1.4.1,
Digital Video Broadcasting, November 2014

Non Patent Literature 3: "M-APSK Modulation for
SC-FDMA Communication Systems", Juraj GAZDA,
Denis DUPAK, Dusan KOCUR, Department of Elec-
tronics and Multimedia Communications, Faculty of
Electrical Engineering and Informatics, Technical
University of Kosice, Letna 9, 04200 Kosice, Slova-
kia, 2011
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Summary of Invention
Technical Problem

[0005] On the other hand, in a constellation of symbols
used in QAM, a plurality of symbols are arranged in a
lattice. On the other hand, in the constellation of symbols
used in APSK, a plurality of symbols are arranged in one
or more concentric circles. When comparing the two, if
the number of symbols is the same, the minimum Eu-
clidean distance between the symbols arranged on a
QAM constellation is longer than the minimum Euclidean
distance on an APSK constellation.

[0006] Inthe communication of the multi-level modula-
tion scheme, the receiving side recognizes the received
signal as one of the symbols on the constellation stored in
advance. Specifically, likelihoods of a received signal and
symbols present around the received signal are calcu-
lated for the constellation, and a symbol having the high-
estlikelihood is recognized as the received signal. In this
case, the identification accuracy of the received signal
becomes higher as the Euclidean distance between the
symbols arranged on the constellation is longer. There-
fore, in an environment where a received signal is trans-
mitted without distortion, QAM having a longer minimum
Euclidean distance is more likely to ensure an excellent
bit error rate (BER) compared with APSK.

[0007] In a situation where the power amplifier on the
transmitting side can amplify a transmission signal in a
linear region, distortion hardly occurs in the transmission
signal. Therefore, in such a situation, itis easier to ensure
better communication quality with QAM than with APSK.
On the other hand, in a situation where the transmission
power is large and the power amplifier amplifies a signal
in a nonlinear region, the case of using APSK is more
likely to ensure excellent communication quality than the
case of using QAM due to the reason described in Non
Patent Literature 3.

[0008] In this way, when the suitability of each multi-
level modulation scheme is compared, the superiority
and inferiority may be reversed depending on whether
the power amplifier uses the linear region or the nonlinear
region. However, conventionally, control for appropri-
ately switching a multi-level modulation scheme used
for communication according to transmission power
has not been studied. In this regard, the conventional
wireless communication technology has room for further
improvement by switching and using a plurality of multi-
level modulation schemes.

[0009] The present disclosure has been made in view
of the above problems, and a first object of the present
disclosure is to provide a wireless communication meth-
od for ensuring excellent communication quality over a
wide transmission power range by appropriately switch-
ing and using a plurality of multi-level modulation
schemes according to transmission power.

[0010] In addition, a second object of the present dis-
closure is to provide a wireless communication system
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that ensures excellent communication quality over a wide
transmission power range by appropriately switching and
using a plurality of multi-level modulation schemes ac-
cording to transmission power.

[0011] In addition, a third object of the present disclo-
sure is to provide a wireless transmission device that
ensures excellent communication quality over a wide
transmission power range by appropriately switching
and using a plurality of multi-level modulation schemes
according to transmission power.

Solution to Problem

[0012] In order to achieve the above objects, a first
aspect is desirably a wireless communication method
using a wireless transmission device and a wireless
reception device that support at least two multi-level
modulation schemes,

the at least two multi-level modulation schemes in-
cluding a first modulation scheme and a second
modulation scheme, and

the wireless transmission device including a power
amplifier that varies transmission power, the wireless
communication method including:

a step of calculating, by the wireless transmis-
sion device, a first estimated constellation pre-
dicted to occur when a signal modulated using
the first modulation scheme is amplified by the
power amplifier at desired transmission power,
on the basis of input/output characteristics of the
power amplifier;

a step of calculating, by the wireless transmis-
sion device, a second estimated constellation
predicted to occur when a signal modulated
using the second modulation scheme is ampli-
fied by the power amplifier at the desired trans-
mission power, on the basis of the input/output
characteristics;

a step of calculating, by the wireless transmis-
sion device, a first estimated Euclidean dis-
tance, which is a characteristic value of an in-
ter-symbol distance in the first estimated con-
stellation;

a step of calculating, by the wireless transmis-
sion device, a second estimated Euclidean dis-
tance, which is a characteristic value of an inter-
symbol distance in the second estimated con-
stellation;

a step of selecting, by the wireless transmission
device, a modulation scheme that generates the
smaller one of the first estimated Euclidean
distance and the second estimated Euclidean
distance as a scheme used for communication;
a step of commanding, by the wireless transmis-
sion device, the wireless reception device to
perform communication using the selected
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modulation scheme; and

a step of communicating, by the wireless recep-
tion device, with the wireless transmission de-
vice using the commanded modulation scheme.

[0013] A second aspect is desirably a wireless com-
munication system using a wireless transmission device
and a wireless reception device that support at least two
multi-level modulation schemes, in which

the at least two multi-level modulation schemes in-
clude a first modulation scheme and a second mod-
ulation scheme,

the wireless transmission device

includes a power amplifier that varies transmission
power, and

is configured to execute:

a process of calculating a first estimated con-
stellation predicted to occur when a signal
modulated using the first modulation scheme
is amplified by the power amplifier at desired
transmission power, on the basis of input/output
characteristics of the power amplifier;

a process of calculating a second estimated
constellation predicted to occur when a signal
modulated using the second modulation
scheme is amplified by the power amplifier at
the desired transmission power, on the basis of
the input/output characteristics;

a process of calculating a first estimated Eucli-
dean distance, which is a characteristic value of
an inter-symbol distance in the first estimated
constellation;

a process of calculating a second estimated
Euclidean distance, which is a characteristic
value of an inter-symbol distance in the second
estimated constellation;

a process of selecting a modulation scheme that
generates the smaller one of the first estimated
Euclidean distance and the second estimated
Euclidean distance as a scheme used for com-
munication; and

aprocess of commanding the wireless reception
device to perform communication using the se-
lected modulation scheme, and

the wireless reception device is configured to
communicate with the wireless transmission
device using the commanded modulation
scheme.

[0014] A third aspect is desirably a wireless transmis-
sion device that supports at least two multi-level modula-
tion schemes and has a function of communicating with a
wireless reception device that supports the at least two
multi-level modulation schemes, in which

the at least two multi-level modulation schemes in-
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clude a first modulation scheme and a second mod-
ulation scheme,

the wireless transmission device

includes a power amplifier that varies transmission
power, and

is configured to execute:

a process of calculating a first estimated con-
stellation predicted to occur when a signal
modulated using the first modulation scheme
is amplified by the power amplifier at desired
transmission power, on the basis of input/output
characteristics of the power amplifier;

a process of calculating a second estimated
constellation predicted to occur when a signal
modulated using the second modulation
scheme is amplified by the power amplifier at
the desired transmission power, on the basis of
the input/output characteristics;

a process of calculating a first estimated Eucli-
dean distance, which is a characteristic value of
an inter-symbol distance in the first estimated
constellation;

a process of calculating a second estimated
Euclidean distance, which is a characteristic
value of an inter-symbol distance in the second
estimated constellation;

a process of selecting a modulation scheme that
generates the smaller one of the first estimated
Euclidean distance and the second estimated
Euclidean distance as a scheme used for com-
munication; and

a process of commanding the wireless reception
device to perform communication using the se-
lected modulation scheme.

Advantageous Effects of Invention

[0015] According to the first to third aspects, it is pos-
sible to ensure excellent communication quality in a wide
transmission power range by appropriately switching a
plurality of multi-level modulation schemes according to
transmission power in an environment where the plurality
of multi-level modulation schemes can be used.

Brief Description of Drawings
[0016]

Fig. 1 is a diagram illustrating a configuration exam-
ple of a wireless communication system according to
a first embodiment of the present disclosure.

Fig. 2 is a diagramiillustrating an APSK constellation
and a QAM constellation in comparison.

Fig. 3 is a diagramillustrating characteristics of QAM
and APSK in comparison.

Fig. 4 is a diagram for describing input/output char-
acteristics of a power amplifier included in a wireless
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transmission device illustrated in Fig. 1.

Fig. 5 is a diagram illustrating the suitability of QAM
and APSK in comparison between a case where the
power amplifier uses a linear region and a case
where the power amplifier uses a nonlinear region.
Fig. 6 is a block diagram for describing a configura-
tion of the wireless transmission device according to
the first embodiment of the present disclosure.

Fig. 7 is a flowchart for describing a flow of main
processing performed by the wireless transmission
device illustrated in Fig. 6.

Description of Embodiments
First Embodiment.
[Overall Configuration of First Embodiment]

[0017] Fig. 1 is a diagram illustrating a configuration
example of a wireless communication system according
to a first embodiment of the present disclosure. As illu-
strated in Fig. 1, the system of the present embodiment
includes awireless transmission device 10 and a wireless
reception device 12. The wireless transmission device 10
can be, for example, a wireless communication base
station managed by a communication carrier or an ac-
cess point of a wireless local area network (LAN). On the
other hand, the wireless reception device 12 may be a
terminal device capable of performing communication in
both orone of the licensed band and the unlicensed band.

[Features of First Embodiment]

[0018] In the present embodiment, the wireless trans-
mission device 10 and the wireless reception device 12
each have a function of supporting a plurality of multi-
level modulation schemes. Here, specifically, a case
where the wireless transmission device 10 and the wire-
less reception device 12 support quadrature amplitude
modulation (QAM) and amplitude phase shift keying
(APSK), respectively, will be described.

[0019] Fig. 2 is a diagram illustrating an APSK con-
stellation and a QAM constellation in comparison. More
specifically, the left side of Fig. 2 illustrates a 16 APSK
constellation that handles 16 symbols. In addition, the
right side of Fig. 2 illustrates a 16 QAM constellation that
handles 16 symbols in the same manner. The position of
each symbol represents amplitude and phase.

[0020] In the 16 APSK constellation, 16 symbols are
arranged at equal intervals by eight symbols on two
concentric circles. On the other hand, in the 16 QAM
constellation, 16 symbols are arranged at equal intervals
in a lattice. In the drawing, the minimum Euclidean dis-
tance between symbols in each constellation is repre-
sented by a bidirectional arrow. When comparing the two,
itcan be seen thatthe minimum Euclidean distance in the
case of QAM in which symbols are arranged in a lattice is
larger than that in the case of APSK.
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[0021] Next, a peak to average power ratio (PAPR) will
be considered. For transmission of individual symbols on
a constellation, a larger amplitude requires a larger
power. Therefore, in the APSK, peak power occurs when
eight symbols arranged on the outer concentric circle are
transmitted. On the other hand, in the case of QAM, peak
power occurs when four symbols positioned at four cor-
ners are transmitted. Therefore, the ratio of the peak
transmission power to the value obtained by averaging
the transmission power for all the symbols is lower in the
APSK. Therefore, when APSKis used, the PAPR tends to
be a lower value than when QAM is used.

[0022] Fig. 3 illustrates the characteristics of the mini-
mum Euclidean distance and PAPR described above in
comparison between QAM and APSK. o and X illustrated
in the drawing indicate superiority and inferiority in en-
suring a good bit error rate (BER) in wireless commu-
nication. The reason why such superiority and inferiority
occur will be described below.

[0023] The wireless reception device 12 illustrated in
Fig. 1 receives a command regarding a modulation
scheme to be used for communication from the wireless
transmission device 10, and selects a modulation
scheme according to the command. In any modulation
scheme, the wireless reception device 12 arranges the
received signal on a constellation on the basis of the
amplitude and the phase, and calculates a likelihood with
the received signal for each of the plurality of symbols
located around the received signal. Then, the received
signal is recognized as a symbol having the highest
likelihood.

[0024] The longer the minimum Euclidean distance on
the constellationis, the large difference s likely to occurin
the likelihood calculated for each symbol. Therefore, if
the received signal is correctly arranged on the constel-
lation, it is easier to ensure the excellent BER when the
QAM having a large minimum Euclidean distance is used
than when the APSK having a small minimum Euclidean
distance is used. The rightmost column in Fig. 3 repre-
sents the relationship as QAM "o (large)" and APSK "X
(small)".

[0025] Fig. 4 illustrates input/output characteristics of
the power amplifier included in the wireless transmission
device 10 illustrated in Fig. 1. As illustrated in Fig. 4, the
power amplifier exhibits a linear input/output character-
isticin aregion where the input poweris Pg or less, butthe
characteristic becomes nonlinear in a region where the
input power exceeds Pg. Then, distortion is superim-
posed on the signal amplified by the power amplifier
using the nonlinear region. If the distortion occurs in
the received signal, in the wireless reception device
12, the received signal is arranged at a position shifted
from the original position on the constellation. As a result,
the signal amplified in the nonlinear region is likely to be
erroneously recognized as an erroneous symbol in the
wireless reception device 12.

[0026] When the wireless transmission device 10
transmits a radio signal, even if the average power falls
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within the linear region, a signal with a large amplitude
may enter the nonlinear region of the power amplifier.
Such a phenomenon is more likely to occur as the PAPR
of the multi-level modulation scheme used for commu-
nication is larger. Therefore, from the viewpoint of pre-
venting signal misrecognition caused by distortion with-
outdistorting the transmission signal, APSK having a low
PAPRis superior to QAM having a high PAPR. The center
column of Fig. 3 represents the above relationship by the
indication of QAM "X (large)" and APSK "o (small)".
[0027] Fig. 5 is a diagram illustrating the suitability of
QAM and APSKin comparison between a case where the
power amplifier uses a linear region and a case where the
power amplifier uses a nonlinear region. When the input
power to the power amplifier falls within the linear region,
the problem of distortion does not occur even if any
modulation scheme is used. In this case, a better BER
can be obtained by using QAM rather than APSK in
relation to the minimum Euclidean distance. The center
column in Fig. 5 represents the above relationship by the
indication of QAM "© (excellent)" and APSK "o (good)".
[0028] In the nonlinear region of the power amplifier,
the larger the input power, the larger the distortion super-
imposed on the transmission signal. Therefore, when the
input power enters the nonlinear region, a larger distor-
tion is superimposed on the signal corresponding to the
peak as the PAPR is higher in the multi-level modulation
scheme. Then, as the distortion superimposed on the
transmission signalis larger, the signal is more likely to be
erroneously recognized in the wireless reception device
12. For this reason, in a situation in which the power
transmission device uses the nonlinear region, the com-
munication quality of QAM having a high PAPR s likely to
deteriorate more than that of APSK having a low PAPR.
The rightmost column in Fig. 5 represents the above
relationship by the indication of QAM "X (because of
high PAPR)" and APSK "A (because of low PAPR)".
[0029] As described above, the superiority and infer-
iority of QAM and APSK are reversed depending on
whether the operation region of the power amplifier is
a linear region or a nonlinear region. Therefore, in the
present embodiment, the multi-level modulation scheme
used for communication is appropriately switched be-
tween QAM and APSK so that excellent communication
quality can be obtained in a real environmentin response
to this reversal.

[Configuration of Wireless Transmission Device]

[0030] Fig. 6 is a block diagram for describing a con-
figuration of the wireless transmission device 10 used in
the present embodiment to implement the above func-
tions. Each elementillustrated in Fig. 6 can be configured
by dedicated hardware. Furthermore, these elements
can also be configured using an arithmetic processing
unit and a program for causing the arithmetic processing
unit to execute desired processing, in addition to dedi-
cated hardware.
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[0031] AsillustratedinFig. 6, the wireless transmission
device 10 includes an information bit generation unit 14.
The information bit generation unit 14 generates bit data
corresponding to information to be transmitted to the
wireless reception device 12. The bit data generated
by the information bit generation unit 14 is provided to
a QAM modulation unit 16 and an APSK modulation unit
18.

[0032] The QAM modulation unit 16 modulates the
received bit data according to a QAM scheme. On the
other hand, the APSK modulation unit 18 modulates the
bitdata according to an APSK scheme. In either case, the
modulated signal is provided to a modulation scheme
selection unit 20 and a constellation calculation unit 22.
[0033] The modulation scheme selection unit 20 has a
function of determining which one of QAM and APSK is
appropriate as a modulation scheme used for commu-
nication. When it is determined that QAM is appropriate,
the modulated signal generated by the QAM modulation
unit 16 is provided to a power amplifier 24. On the other
hand, whenitis determined that APSK is appropriate, the
modulated signal generated by the APSK modulation unit
18 is provided to the power amplifier 24. The process of
selecting the modulation scheme by the modulation
scheme selection unit 20 will be described in detail later.
[0034] The power amplifier 24 amplifies the modulated
signal generated by the QAM modulation unit 16 or the
APSK modulation unit 18 to desired transmission power
and supplies the transmission power to an antenna 26.
As a result, a signal amplified to desired power by the
power amplifier 24 is transmitted from the antenna 26
according to the modulation scheme selected by the
modulation scheme selection unit 20.

[0035] The wireless transmission device 10 according
tothe presentembodimentincludes an input/output char-
acteristic storage unit 28. The input/output characteristic
storage unit 28 stores input/output characteristics of the
power amplifier 24 in advance. For example, a curve of
input/output characteristics as illustrated in Fig. 4 is
stored. The input/output characteristic storage unit 28
can provide information on the input/output characteris-
tics to the constellation calculation unit 22.

[0036] The constellation calculation unit 22 generates
an estimated constellation {QAM} corresponding to a
QAM-modulated signal on the basis of the QAM-modu-
lated signal acquired from the QAM modulation unit 16,
the input/output characteristics acquired from the inpu-
t/output characteristic storage unit 28, and the transmis-
sion power commanded to the power amplifier 24. That
is, what kind of distortion is superimposed on each sym-
bol included in the modulated signal can be estimated on
the basis of the input/output characteristics of the power
amplifier 24 and the transmission power. Here, assuming
that the distortion is superimposed on each symbol, the
estimated constellation {QAM} is generated by arranging
all the symbols included in the QAM-modulated signal on
the constellation coordinates. The constellation calcula-
tion unit 22 similarly generates an estimated constellation
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{APSK]} also for an APSK-modulated signal.

[0037] The modulation scheme selection unit 20 ac-
quires the estimated constellation {QAM} generated by
the constellation calculation unit 22, and calculates an
estimated minimum Euclidean distance {QAM} for all the
symbols included in the estimated constellation. That is,
in the estimated constellation {QAM}, the straight line
distance between the closest symbols is estimated. Si-
milarly, the modulation scheme selection unit 20 calcu-
lates an estimated minimum Euclidean distance {APSK}
on the basis of the estimated constellation {APSK}.
[0038] When the power amplifier 24 amplifies the sig-
nal in the linear region, since a large distortion is not
superimposed on the transmission signal, the estimated
minimum Euclidean distance {QAM} tends to be larger
than the estimated minimum Euclidean distance {APSK]}.
On the other hand, in a situation of using the nonlinear
region of the power amplifier 24, the relationship is re-
versed due to the difference in PAPR. In any case, the
receiving side can easily recognize the transmission
signal correctly as the minimum Euclidean distance is
longer.

[0039] In the present embodiment, the modulation
scheme selection unit 20 compares the estimated mini-
mum Euclidean distance {QAM} with the estimated mini-
mum Euclidean distance {APSK}, and selects the mod-
ulation scheme with the longer distance as the scheme to
be used for communication. Therefore, according to the
wireless transmission device 10 of the present embodi-
ment, it is possible to always employ a modulation
scheme advantageous for causing the wireless reception
device 12 to correctly recognize a signal regardless of a
region in which the power amplifier 24 amplifies the
modulated signal.

[Flow of Processing in First Embodiment]

[0040] Fig. 7 is aflowchart for describing a flow of main
processing performed by the wireless transmission de-
vice 10 illustrated in Fig. 6. More specifically, it is a
flowchart for describing a flow of processing executed
in the modulation scheme selection unit 20 and the con-
stellation calculation unit 22.

[0041] InFig. 7, the processes of steps 100 to 108 are
executed in the constellation calculation unit 22. Speci-
fically, first, input/output characteristics of the power am-
plifier 24 are read from the input/output characteristic
storage unit 28 (step 100). The process of step 100, that
is, the process surrounded by a broken-line frame in Fig.
7 may be performed only once as an initialization process
at the start of the operation of the wireless transmission
device 10.

[0042] Next, the constellation calculation unit 22 ac-
quires a QAM-modulated signal from the QAM modula-
tion unit 16 (step 102), and acquires an APSK-modulated
signal from the APSK modulation unit 18 (step 104).
Subsequently, the estimated minimum Euclidean dis-
tance {QAM} and the estimated minimum Euclidean
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distance {APSK} are calculated (steps 106 and 108).
[0043] In the calculation of the estimated minimum
Euclidean distance {QAM}, first, the transmission power
used for the current transmission and the QAM-modu-
lated signal acquired in step 102 are applied to the
input/output characteristics of the power amplifier 24 to
generate an estimated constellation {QAM}. Then, the
minimum Euclidean distance in the estimated constella-
tion {QAM} is set as the estimated minimum Euclidean
distance {QAM}. The estimated minimum Euclidean dis-
tance {APSK} is calculated by a similar procedure on the
basis of the APSK-modulated signal acquired in step
104.

[0044] The processes of step 110 to 114 are executed
in the modulation scheme selection unit 20. Thatis, when
the processes of steps 100 to 108 are completed, the
modulation scheme selection unit 20 first determines
whether or not the estimated minimum Euclidean dis-
tance {APSK} calculated in step 108 is larger than the
estimated minimum Euclidean distance {QAM} calcu-
lated in step 106 (step 110).

[0045] Then, when the estimated minimum Euclidean
distance {APSK} > the estimated minimum Euclidean
distance {QAM} is recognized, APSK is selected as the
modulation scheme used for communication (step 112).
On the other hand, when the above relationship is not
recognized, QAM is selected as the modulation scheme
to be used for communication (step 114). Note that the
processes of step 102 to 114 are repeatedly executed for
each transmission frame.

[0046] As described above, according to the wireless
communication system of the present embodiment, the
plurality of multi-level modulation schemes can be appro-
priately switched and used on the basis of the minimum
Euclidean distance estimated to be implemented by each
transmission signal. As a result, even when the power
amplifier 24 uses any transmission power, a modulation
scheme advantageous for obtaining high communication
quality is always selected. Therefore, according to the
wireless communication system of the present embodi-
ment, excellent communication quality can be stably
ensured over a wide transmission power range.

[Modification Example of First Embodiment]

[0047] Incidentally, in the first embodiment described
above, two of 16 QAM and 16 APSK are used as the
multi-level modulation scheme, but the present disclo-
sure is not limited thereto. The number of symbols is not
limited to 16, and the number of symbols of the two
modulation schemes may be different. In addition, var-
ious transmission schemes such as orthogonal fre-
quency division multiplexing (OFDM) transmission, dis-
crete Fourier transform-spread-OFDM (DFT-s-OFDM)
transmission, and single carrier (SC) transmission can
be applied. Various system configurations such as a
single input and single output (SISO) configuration and
a multiple input and multiple output (MIMO) configuration
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can be applied. Further, schemes such as Faster-than-
Nyquist (FTN) transmission and Nyquist transmission
can also be applied. In addition, three or more modulation
schemes may be used to appropriately select an opti-
mum modulation scheme from among these modulation
schemes.

[0048] In addition, in the first embodiment described
above, a scheme used for communication is selected on
the basis of comparison between the estimated minimum
Euclidean distances calculated for each of QAM and
APSK. However, the present disclosure is not limited
thereto. The object of comparison may be any object
as long as it represents the density of symbols on the
estimated constellation. For example, one of QAM and
APSK may be selected on the basis of comparison of an
estimated average Euclidean distance thatis an average
of inter-symbol distances on the estimated constellation.
[0049] In the first embodiment, the estimated constel-
lation {QAM} corresponding to the QAM-modulated sig-
nal and the estimated constellation {APSK} correspond-
ing to the APSK-modulated signal are generated, and the
estimated minimum Euclidean distances are calculated
on the basis of the generated estimated constellations.
However, the present disclosure is not limited thereto.
For example, the constellation calculation unit 22 may
generate the estimated constellation by reflecting the
influence of distortion in the normal constellation for each
of QAM and APSK without taking in the QAM and APSK-
modulated signals.

[0050] Furthermore, in the first embodiment described
above, the estimated Euclidean distance {QAM} ob-
tained from the estimated constellation {QAM} and the
estimated Euclidean distance {APSK} obtained from the
estimated constellation {APSK} are directly compared,
but the present disclosure is not limited thereto. For
example, a bias value set according to the communica-
tion quality may be added to or subtracted from one of the
Euclidean distances. In this case, a non-optimum mod-
ulation scheme is selected according to the situation, but
the frequency of switching the modulation scheme can be
reduced.

[0051] Furthermore, in the first embodiment described
above, the estimated constellation is updated for each
frame, and an optimum modulation scheme is selected
for each frame. However, the present disclosure is not
limited thereto. That is, the frequency of switching the
modulation scheme may be set lower than that of each
frame by updating the estimated constellation every plur-
ality of frames or every fixed time.

[0052] In addition, in the first embodiment described
above, the wireless transmission device 10 does not
include an adaptive transmission power control unit
(ATPC: adaptive transmission power control), but the
present disclosure is not limited thereto. That is, ATPC
may be incorporated in the wireless transmission device
10, and the transmission power used by the power am-
plifier 24 may be designated by the ATPC.
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Reference Signs List

[0053]

10  Wireless transmission device

12  Wireless reception device

16 QAM modulation unit

18  APSK modulation unit

20  Modulation scheme selection unit

22  Constellation calculation unit

24  Power amplifier

28 Input/output characteristic storage unit

Claims

1. A wireless communication method using a wireless
transmission device and a wireless reception device
that support at least two multi-level modulation
schemes,

the at least two multi-level modulation schemes
including a first modulation scheme and a sec-
ond modulation scheme, and

the wireless transmission device including a
power amplifier that varies transmission power,
the wireless communication method compris-

ing:

a step of calculating, by the wireless trans-
mission device, a first estimated constella-
tion predicted to occur when a signal modu-
lated using the first modulation scheme is
amplified by the power amplifier at desired
transmission power, on the basis of inpu-
t/output characteristics of the power ampli-
fier;

a step of calculating, by the wireless trans-
mission device, a second estimated con-
stellation predicted to occur when a signal
modulated using the second modulation
scheme is amplified by the power amplifier
at the desired transmission power, on the
basis of the input/output characteristics;

a step of calculating, by the wireless trans-
mission device, a first estimated Euclidean
distance, which is a characteristic value of
an inter-symbol distance in the first esti-
mated constellation;

a step of calculating, by the wireless trans-
mission device, a second estimated Eucli-
dean distance, which is a characteristic va-
lue of an inter-symbol distance in the sec-
ond estimated constellation;

a step of selecting, by the wireless trans-
mission device, a modulation scheme that
generates the smaller one of the first esti-
mated Euclidean distance and the second
estimated Euclidean distance as a scheme
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used for communication;

a step of commanding, by the wireless
transmission device, the wireless reception
device to perform communication using the
selected modulation scheme; and

a step of communicating, by the wireless
reception device, with the wireless trans-
mission device using the commanded mod-
ulation scheme.

2. The wireless communication method according to
claim 1, further comprising:

a step of modulating, by the wireless transmis-
sion device, information bits to be transmitted to
the wireless reception device using the first
modulation scheme to generate a first modu-
lated signal; and

a step of modulating, by the wireless transmis-
sion device, the information bits using the sec-
ond modulation scheme to generate a second
modulated signal, wherein

the first estimated constellation is formed by a
set of symbols generated when the first modu-
lated signal is amplified by the power amplifier at
the desired transmission power, and

the second estimated constellation is formed by
a set of symbols generated when the second
modulated signal is amplified by the power am-
plifier at the desired transmission power.

3. The wireless communication method according to
claim 1, wherein

the first estimated constellation is formed by a
set of symbols generated when all symbols in-
cluded in a normal constellation of the first mod-
ulation scheme are amplified by the power am-
plifier at the desired transmission power, and
the second estimated constellation is formed by
a set of symbols generated when all symbols
included in a normal constellation of the second
modulation scheme are amplified by the power
amplifier at the desired transmission power.

4. The wireless communication method according to
any one of claims 1 to 3, wherein

the first estimated Euclidean distance is an es-
timated minimum Euclidean distance in the first
estimated constellation, and

the second estimated Euclidean distance is an
estimated minimum Euclidean distance in the
second estimated constellation.

5. The wireless communication method according to
any one of claims 1 to 3, wherein
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the first estimated Euclidean distance is an es-
timated average Euclidean distance in the first
estimated constellation, and

the second estimated Euclidean distance is an
estimated average Euclidean distance in the
second estimated constellation.

6. The wireless communication method according to
any one of claims 1 to 5, further comprising:

a step of setting, by the wireless transmission
device, a bias value on the basis of required
communication quality; and

a step of applying, by the wireless transmission
device, addition or subtraction processing of the
bias value to the first estimated Euclidean dis-
tance or the second estimated Euclidean dis-
tance.

7. A wireless communication system using a wireless
transmission device and a wireless reception device
that support at least two multi-level modulation
schemes, wherein

the at least two multi-level modulation schemes
include a first modulation scheme and a second
modulation scheme,

the wireless transmission device

includes a power amplifier that varies transmis-
sion power, and

is configured to execute:

a process of calculating a first estimated
constellation predicted to occur when a sig-
nal modulated using the first modulation
scheme is amplified by the power amplifier
at desired transmission power, on the basis
of input/output characteristics of the power
amplifier;

aprocess of calculating a second estimated
constellation predicted to occur when a sig-
nal modulated using the second modulation
scheme is amplified by the power amplifier
at the desired transmission power, on the
basis of the input/output characteristics;

a process of calculating a first estimated
Euclidean distance, which is a characteris-
tic value of an inter-symbol distance in the
first estimated constellation;

aprocess of calculating a second estimated
Euclidean distance, which is a characteris-
tic value of an inter-symbol distance in the
second estimated constellation;

aprocess of selecting a modulation scheme
that generates the smaller one of the first
estimated Euclidean distance and the sec-
ond estimated Euclidean distance as a
scheme used for communication; and
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a process of commanding the wireless re-
ception device to perform communication
using the selected modulation scheme, and
the wireless reception device is configured
to communicate with the wireless transmis-
sion device using the commanded modula-
tion scheme.

A wireless transmission device that supports at least
two multi-level modulation schemes and has a func-
tion of communicating with a wireless reception de-
vice that supports the at least two multi-level mod-
ulation schemes, wherein

the at least two multi-level modulation schemes
include a first modulation scheme and a second
modulation scheme,

the wireless transmission device

comprises a power amplifier that varies trans-

mission power, and
is configured to execute:

a process of calculating a first estimated

constellation predicted to occur when a sig-
nal modulated using the first modulation
scheme is amplified by the power amplifier
at desired transmission power, on the basis
of input/output characteristics of the power
amplifier;

a process of calculating a second estimated
constellation predicted to occur when a sig-
nal modulated using the second modulation
scheme is amplified by the power amplifier
at the desired transmission power, on the
basis of the input/output characteristics;

a process of calculating a first estimated
Euclidean distance, which is a characteris-
tic value of an inter-symbol distance in the
first estimated constellation;

a process of calculating a second estimated
Euclidean distance, which is a characteris-
tic value of an inter-symbol distance in the
second estimated constellation;

a process of selecting a modulation scheme
that generates the smaller one of the first
estimated Euclidean distance and the sec-
ond estimated Euclidean distance as a
scheme used for communication; and

a process of commanding the wireless re-
ception device to perform communication
using the selected modulation scheme.
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Fig. 3
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Fig. 5
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